This article analyses the relationship between investment decisions, investment intensity, innovation outcomes and labour productivity for a sample of services and manufacturing firms from Peru in 2004, on the basis of an adjusted CDM model (Crepon, Duguet and Mairesse, 1998) . The estimates of the model indicate that firm size was a key factor in the investment decision. Firm size and investment intensity were also key determinants in increasing, respectively, the probability of producing technological and non-technological innovation outputs and labour productivity across services and manufacturing sectors. By contrast, public financial support seemed to have a stronger effect in terms of investment inducement than in terms of investment intensity in services and low-tech manufacturing firms. These results suggest that horizontal science, technology and innovation (STI) policies that encourage firms to increase STI investment intensity may well produce some gains in firms' labour productivity.
I. Introduction
Despite the importance of the services sector 2 in many developing economies in terms of real value and employment, 3 studies of the sector and its innovation activities in the Peruvian economy are scant. Most work in this area has concerned the analysis of services exports, in particular in the tourism sector. 4 A handful of descriptive studies have been carried out on innovation, with an emphasis on the analysis of science, technology and innovation (STI) activities, information and communications technology (ICT), tools (e.g. CONCYTEC/INEI, 2005b; Kuramoto, 2008; Tello, 2010 and and economic policy (e.g. Comisión Consultiva para la Ciencia, Tecnología e Innovación, 2012; Kuramoto and Díaz, 2010 and Kuramoto, 2007; Tello, 2010; Sagasti, 2011; and UNCTAD/ECLAC, 2011) .
In this regard and on the basis of a survey of STI activities at the firm level conducted by the National Council of Science, Technology and Technological Innovation (CONCYTEC) and the National Institute of Statistics and Informatics (INEI), this paper's main contribution is an analysis, for the first time, of the relationship between firms' investment in STI, innovation results and productivity for the services sector of Peru in 2004 through an adjusted standard Crepon, Duguet and Mairesse (CMD) model (1998) . For purposes of comparison, this paper also analyses the same relationship for firms in the manufacturing sector.
The analysis below contains five sections. In section II, the literature is summarized briefly. Section III is describes the data sample drawn from the National Science and Technology Survey of 2004 (ENCYT-04) (INEI, 2005) . Section IV formulates the structural model of innovation and productivity, and section V presents the results of the estimation. Lastly, section VI outlines the article's main conclusions and provides some reflections on policy to foster STI activities.
II. Brief literature review
In the last two decades, literature on the innovation process, its restrictions and its effects on firms' performance in Latin American countries has emerged 5 as a consequence of surveys undertaken on STI and ICT at the firm level. Contributions 6 focused on developed and some developing economies are listed in Mairesse and Sassenou (1991) , OECD (2009), Mairesse and Mohnen (2010) , Crespi and Zúñiga (2010) and Hall (2011) . The dominant methodology in most of these is that proposed by Crepon, Duguet and Mairesse (1998) , referred to as the CDM model. 7 The two main features of the CDM model are, first, the specification of a structural model in which variables such as research and development (R&D) expenditures, innovation outputs and firms' (labour) productivity are interrelated and, second, the use of econometric techniques to deal with selection and simultaneity biases and some statistical features of the available data. Crespi and Zúñiga (2010) point out that CDM models consists of four stages: a firm's decision to invest in innovation activities; 8 firms' decisions about the amount of the investment; the production of technological (TI) and non-technological (NTI) knowledge as a result of this investment and the effect of innovation on productivity. These authors also report a list of relevant empirical results concerning the factors included in these four stages. Among others is the fact that firm size, market share and diversification seem to increase the probability of investing in STI activities. Demand pull and technology are push forces that also increase such a probability. Second, firm productivity seems to be correlated positively with innovation output, even after controlling for the skill composition of labour. Third, technological innovation (in products or processes) may lead to increased firm productivity, sales and profits (see Mohnen and Röller (2005) for this conclusion in European firms). Lastly, firms that invest more intensively in R&D are more likely to develop innovations -products, process innovation or patents-after correcting for endogeneity and controlling for firm characteristics such as size, affiliation with a group, or type of innovation strategies (i.e. externalization, collaboration in R&D, and so on).
Evidence with regard to the ability of firms in developing countries to transform R&D into innovation is less clear, however, than in the case of firms in industrialized economies. The results with respect to the impact of innovation on labour productivity are inconclusive for Latin American firms. The failure of R&D to correlate significantly with innovation outcomes and productivity in developing countries could be explained by the fact that firms in developing countries are too far from the technological frontier and incentives to invest in innovation are weak or absent. In many Latin American economies, firms' innovations consist basically of incremental changes with little or no impact on international markets and are based mostly on imitation and technology transfer, such as the acquisition of machinery and equipment, and disembodied technology purchasing. R&D investment is, in many cases, prohibitive (in terms of both financial costs and the human capital needed), and owing to the cumulative effects, it could require longer time horizons to demonstrate results. 9 In addition to firm characteristics, CDM models also include external forces acting concurrently on firms' innovation decisions. These are traditionally indicators of demand-driven innovation (such as environmental, health and safety regulation), technological push (such as scientific opportunities), innovation policy (including R&D subsidies), and spillovers.
One force pointed out by Álvarez and Crespi (2011) is financial constraints. That credit constraints could severely harm innovation is a longstanding conjecture in the field of the economics of innovation. Innovation is the result of knowledge investments, and there are at least four specific attributes of knowledge that may have important effects on the financing of innovation. The first attribute is the semipublic-good nature of knowledge that prevents innovating firms from excluding others from using the innovations they create. This attribute may explain not only why firms underinvest in innovation but also the constraint on financing innovation. The second attribute is that knowledge investments produce an intangible asset -linked to the human capital (e.g. engineers and technicians) working in the firm-that might be very difficult to use as collateral. Banks prefer physical assets for securing loans, however, and might be reluctant to lend when the project involves the accumulation of intangible assets, partially embodied in the human capital of firms' employees, that can be lost when they leave the organization. The third attribute is that knowledge investments have tacit components that are idiosyncratic to a firm. That means that a potentially substantial share of investments in STI is sunk and cannot be easily deployed in other activities. The fourth attribute is the uncertainty associated with its outputs. The uncertainty in this case relates to the lack of a well-defined probability distribution of potential effects. In this context, knowledge investments are akin to options, to the extent that some projects with very small probabilities of great success may be worth pursuing even if they do not pass an ex ante cost-benefit analysis. All these attributes may have important effects on financing innovation.
Another relevant issue identified in the innovation and productivity literature is the specificity of the productive activities analysed. As pointed out by Tacsir and others (2011) , services are not viewed as activities very disposed to innovation, and policymakers from developing economies do not usually treat services as a strategic area in their quest to achieve sustainable growth. This is not the case for developed economies, which increasingly recognize services as a powerful growth-driving sector and a leading job provider (Gallouj and Weinstein, 1997; Gallouj, 2002; Evangelista and Savona, 2003; Cainelli, Evangelista, and Savona, 2006; Crespi and others, 2006; Gallouj and Savona, 2009; Gallouj and Djellal, 2008 and and European Commission, 2011) .
Theoretical, conceptual and empirical analysis of innovation in services in developed countries is reported in Gallouj and Savona (2009) , Gallouj and Djellal (2008 and , and Mothe and Nguyen Thi (2010) , among others. In their theoretical and conceptual approach, Gallouj and Savona (2009) and Mothe and Nguyen Thi (2010) distinguish between a technologist or assimilation approach (either innovation in services is the adoption and use of technology or services are similar to manufacturing); a service-oriented differentiation or demarcation approach (highlighting the specificities in the service product and production processes whereby service innovation requires specific theories); and the integrative or synthesizing approach (wherein innovation can occur in both services and manufacturing and, given the trend of convergence between manufactured goods and services, supports the development of a common conceptual framework). In this regard, the CDM model applied to services seems to be best aligned with the synthesizing approach.
Turning to the empirical literature on innovation in services (Gallouj and Djellal, 2010; Carayannis, Varblane and Roolaht, 2012) , the studies indicate that, first, R&D plays only a marginal role in some services and that services firms seldom use patents to protect their innovative output from imitation. Second, a large group of sectors that rely heavily on ICT expenditures are the most innovative after the science-based sectors. These sectors cooperate actively with client industries and firms positioned downstream along the value chain (retail and financial services). Third, a set of poor innovators that aim to introduce cost-cutting and rationalized hardware technologies, which involve ICTs to a small extent, are included in the most traditional service sectors (public services). Fourth, the characteristics of service products and production and delivery processes (as well as firm size), in terms of degree of standardization, were the main variables affecting the propensity to innovate and the type of innovation introduced. Fifth, service firms tend to cooperate and establish "open modes" of innovation and rely on high-level skills and a particular type of human capital, that is, they tend to arise from the humanities and soft disciplines. Finally, despite great sectoral and firm heterogeneity in the service sector, innovation plays a significant role in affecting productivity gains at firm level.
Results of comparative studies on innovation between services and manufactures reported in Tether (2005) , Rubalcaba, Gago and Gallego (2010) and Masso and Vahter (2011) point out that firms in services activities do in fact innovate, although it is not clear if their innovation intensity is greater or less than that of manufacturing firms. In contrast to manufacturing, innovation in services seems to be oriented towards organizational change, use collaboration with customers and suppliers, acquire external intellectual property and emphasize the skills and professionalism of their workforces. Innovation is frequent in knowledge-intensive business services (KIBS) and product innovation is strongly correlated with higher productivity. As in manufacturing, the main determinant of innovation in services is formal knowledge resulting from R&D or from acquisition of equipment, patents or licences. However, as an input in the innovation process, R&D tends to play a much smaller role, on average, in the service sector overall than it does in manufacturing. This may be explained by the fact that in services, R&D is often carried out on a more informal basis.
These studies seem to agree that, notwithstanding large disparities between goods and services, differences between these two sectors overall are, to a certain extent, smaller than the differences among some pairwise service sectors arising from the heterogeneity of service activities.
Interactive aspects of innovation between clients and suppliers are gaining ground within all economic sectors (including services and manufacturing). Evidence in European countries shows that clients may play a highly significant role in the quality impact of services, unlike in goods industries. This growing integration between goods and services opens the door to an interpretation of servicesinnovation-related studies and policies that considers peculiarities, goes beyond the differences, and focuses on commonalities across all productive activities. Thus, horizontal policy measures may also be used to promote a service-friendly policy, based on treating services innovation as a systemic dimension of any innovative system. Unlike for advanced economies, literature and empirical evidence on innovation in services for Latin American countries are limited. The literature that does exist indicates the increasing importance of innovation in services (e.g. Garrido, 2009 ) and that Latin American service firms do innovate, sometimes even more than their manufacturing peers. Further, they often face burdensome financial constraints when seeking to innovate, and these constraints can sometimes be more binding in the service sector than in the manufacturing sector (Llisteri and García-Alba, 2008) . This work attempts to fill a gap in this literature by focusing on the interrelationship between innovation and productivity for both manufacturing and services firms in Peru using two CDM models. These models are presented in the following section.
III. Data description
The main data source at the firm level used in this article is the National Survey of Science, Technology Table 1 summarizes a set of key indicators for a sample of 3,888 firms in the services (2,732) and manufacturing (1,156) sectors.
The estimation of the CDM model is based upon the figures shown in table 1. Services sector firms are divided into KIBS and traditional services and manufacturing firms into high-tech and low-tech firms. 11 10 These institutions recently conducted another survey similar to ENCYT-04, gathering data for 2012 but for manufacturing firms only.
11 KIBS include ISIC code 6, such as transport (by land, water and air), auxiliary transport activities, post and telecommunications, financial intermediation, and insurance and pension funding, as well as code 7, such as computer and related activities, R&D, and other business activities. Traditional services include ISIC branches from codes 3 to 9, such as recycling, electricity, water, wholesale and retail trade, hotels and restaurants, real estate, renting of machinery, health and social work, sewage and refuse disposal, membership organizations, and recreational activities. High-tech manufacturing firms include ISIC codes 2 and 3, such as chemicals, machinery and equipment, electrical machinery, communication equipment, medical and precision instruments, and vehicles and other transport. Low-tech manufacturing firms include ISIC codes 1, 2 and 3, such as food products, beverages, tobacco products, textiles, clothing, leather and footwear, wood, paper, recorded media, refined petroleum, rubber, non-metallic mineral products, base metals, other transport equipment, fabricated metal products and furniture. These firms' real value added 12 (at 1994 prices) represented 31.9% of total value added for both sectors in 2004: 33.3% for the services sector and 27.4% for manufacturing. 13 The main features of the figures in table 1 are the following: first, the share of the number of firms that innovate (either technological and non-technological innovation or both) was greater for manufacturing firms (38.2%) than for services (28.1%). However, services firms did have a greater share of NTI innovation than TI innovation. The opposite was true of manufacturing firms.
The share of foreign-owned firms (i.e. those with more than 10% of capital foreign-owned) that innovate was greater than that of nationally owned firms in both sectors. Second, firms' investment intensity ratio (measured as the share of expenditure on STI activities out of total sales) was slightly higher for services (4.9%) than for manufacturing (4.4%). KIBS and high-tech manufacturing had the highest ratios (9.4% and 5%, respectively). Further, national firms' STI investment ratios were higher than foreign firms in both the manufacturing and services sectors. On the other hand, the share of firms that performed innovation on a continuous basis in manufacturing (14.8%) was higher than in services (9.6%). More than 50% of the total STI expenditures in both sectors went to STI activities related to training, consultancy services, engineering and industrial design, software and technology services.
Third, and from the policy standpoint, firms in general did not collaborate with other entities for innovation purposes. In any case, the share of manufacturing firms that did collaborate (6.1%) was higher than the respective share for services firms (3.7%). The same low shares apply for firms' international exposure, with manufacturing firms showing a higher share (4.8%) than services firms (1.6%). Similar figures are obtained for the share of firms that held patents. A higher share of foreign than domestic firms collaborated with respect to patent applications and international exposure in both sectors. Finally, the share of firms receiving public financial support for innovation was higher for manufacturing (7.9%) than for services (2.2%). Unexpectedly, the share of foreign firms receiving public financial support was greater than the respective share of domestic firms in both sectors.
Summing up, the 2004 figures for firms' STI activities are consistent with Peru's low STI investment indicators, even for 2012. Although a third of the interviewed firms in the sample do not perform STI activities, the average amount spent on these activities per worker in both sectors was US$ 2,353 (in constant 1994 dollars), which is less than US$ 6.5 dollars per day per worker. The extent to which this small amount affects firms' performances (such as labour productivity) is investigated in the following sections.
IV. CDM models and estimation strategy
The CDM model to be estimated has the following equations: X 1i is the set of factors that affects the appropriability aspect of firms' decisions to invest in STI. These are the following: firm size (represented by the number of workers), a dummy for export firms (D x ), another for foreign firms with capital share greater than 10% (FO) and a last one for patent protection (PatenP, if firms had patents during the period 2002-2004). These variables are consistent with several arguments considered in the literature (e.g. Crepon, Duguet and Mairesse, 1998; Braga and Willmore, 1991; Kumar and Aggarwal, 2005; Álvarez, 2001; Cohen and Klepper, 1996; Benavente, 2006; Crespi and Peirano, 2007; Girma and Görg, 2007) . Equation (2) is the firm STI investment intensity measured by STI expenditure per worker. If the firm decides to invest, IE* i would be the same as the actual STI expenditure per worker IE i , otherwise IE* i would be zero. X 2i is the set of factors that influences the firm's STI investment intensity. This set will be equal to X 1i plus the following dummy variables: public financial support (PFS), market information sources (INFO 1 ), scientific information sources (INFO 2 ), government institutions information INFO 3 ) and the degree of coordination, cooperation, or collaboration between firm i and other entities (D coord ).
Such factors are found in several studies for Latin America, for example, for Mexico and Argentina (Raffo, Lhuillery and Miotti, 2008) . Although arguments based on size (for example, exploitation of scale and scope economies) point out that size affects the investment intensity equation, empirical evidence demonstrates that it may affect investment decisions but not the intensity of STI investment. For that reason and for identification purposes, in this paper, size is included in equation (1) and excluded from equation (2). The Peruvian evidence shown below for the marginal effects of both equations supports these changes. Finally, the analysis of financial constraints supports the inclusion of this constraint in both equations (1) and (2).
Equations (3) and (4) Equation (5) is the labour productivity of a firm (measured by firms' real value added per worker) determined by both technological (TI) and non-technological innovation (NTI) outputs, investment in STI, and X 4i , which includes size and the ratio capital stock per worker, lnki (in natural logarithm).
Although the measurement of productivity has a variety of shortcomings, not only in products (Tybout, Katayama and Lu, 2009; Syverson, 2011) but also in services (Dean and Kunze, 1992; Griliches, 1992; Crepon, Duguet and Mairesse, 1998; Gallouj and Djellal, 2008; Gallouj and Savona, 2009; Crespi and Zuñiga, 2010; Biege and others, 2011) , in this work, labour productivity was measured as the real value added (or net sales) 15 per worker. 16 In the estimations, quantity variables such as size, productivity and investment expenditure are transformed into natural logarithms. The rest of the variables (which are binary) are not transformed. In addition, branch heterogeneity of the four ISIC (Revision 3) groups is introduced through a binary variable ISIC n , where n is the first digit of the ISIC branch. Note that for each group of firms, one ISIC branch is included in the constant to avoid problems of collinearity.
Given these transformations and dummy variables, the econometric strategy is composed of the following steps: first, investment decision and intensity equations are estimated using a generalized Tobit model estimation (or Heckman maximum likelihood estimation, assuming a normal joint distribution for the error terms of both equations). For the purposes of robustness, the two-step Heckman procedure or Heckit estimator (which assumes conditional normal distributions for the error term) was estimated, although this is not reported owing to space limitations. The size variable included in the ID* equation and excluded in IE* equation allows identification of both equations. In addition PPS, D coord and the set of information variables reinforce the identifications of the parameters of both equations. Further, 14 NTI is a dummy variable equal to one if firms show innovation output results on commercialization and organization, otherwise zero. 15 Value added is obtained using the average ratio of value added over the value of production of the respective ISIC sector of the input output table for 1994 and 2007, which is provided on a preliminary basis to INEI. 16 The common problems associated with productivity and output measures are related to the relevant price deflators for computing real values and measures of product quality. In the services sector, measures of output will be restricted to the amount in value (sales or value added) of the transaction (following Griliches, 1992, and Gallouj and Savona, 2009 ). The characteristics of services output represented by the so called IHIP-criteria (intangibility, I; heterogeneity, H; inseparability, I; and perishability, P) and other considerations (for example in KIBS) pointed out by Biege and others (2011) (such as the innovativeness of the output; the "internal output", input figures and knowledge) will not be taken into account due to restrictions in the data.
to avoid spurious results in equations (1) and (2), firms that did not invest in STI activities and responded that they did not have any restrictions on innovation output were eliminated from the sample. 17 Second, both innovation outputs, which involve equations (3) and (4), are estimated using probit (maximum likelihood estimation, MLE) estimation (when equation errors are assumed to be uncorrelated). Also, no reported biprobit (when equation errors are assumed to be correlated) estimation gave similar results to the probit estimation. Further to avoid potential endogeneity of the STI investment intensity, predicted values from the estimated STI investment intensity equation were also used instead of the actual values of IE. In such cases standard errors are estimated by bootstrapping.
Third, productivity, equation (5), is estimated using least squares estimations with bootstrap standard errors whenever predicted value for TI, NTI and IE were used as exogenous variables. These estimations are not reported although the results do not vary from those reported in table 7. Finally, to avoid the reduction of the sample size for each sector for firms with no information on ki, the variable lnk i is replaced by ln(1+k i ) plus a control dummy (D control equal to one when k i = 0, otherwise zero).
In addition, collinearity problems were avoided by not including TI, NTI, and IE (actual or predicted value) all together in the estimation of the labour productivity equation. 18
V. Estimation and results
Tables 3 to 7 show the regression coefficients and statistics of the estimation methods implemented for the set equations of the model using the sample described in the data description section. 19 The estimates for equation 1 indicate that only size (in its uncensored version) seems to affect firms' investment decision on STI activities in all the branches, although the marginal or censored effects for firms that decided to invest were not statistically significant. On the other hand, financial constraint 20 seems to have limited investment decisions only for traditional services. Nonetheless, once firms decided to invest, the effect of this constraint was not statistically significant. 21 The coefficients of the rest of factors were not statistically significant.
The econometrics results are more varied for the STI investment intensity, equation (2). Thus, the fact of being an export firm, public financial support, financial constraints and coordination with other entities were statistically important factors in the amount of STI investment for firms in the traditional services branches. The former two factors helped to increase the investment intensity and the last two to reduce it. However, once a firm decided to invest, only the coordination marginal coefficient was statistically significant and helped to reduce the amount of investment in STI activities. For KIBS and low-tech manufacturing branches, public financial support was the most important and statistically significant factor. Once again, the respective marginal coefficients were not significant. 17 The author wishes to thank Gustavo Crespi for providing insight on this sample reduction. With this elimination, the sample in the selective and investment intensity equations is reduced to 2,896 firms. 18 It should be noted that in the KIBS ISIC group, 10.2% firms produced only TI, 13% produced only NTI and 18% produced both TI and NTI. In traditional services, the respective shares were 6%, 16% and 17%. In high-tech manufacturing, the respective shares were 15%, 7% and 35%, and in low-tech manufacturing, 16%, 7% and 24%. 19 The sample is biased towards medium-sized and large firms with an average of 68 workers each for the basic model and 79 for the extended model. Because, in general, these firms may have a higher probability of investing in STI activities, the estimated coefficients could be overestimated with respect to coefficients coming from a sample with larger firms. 20 The shares of firms with financial constraints (reporting these as a major obstacle to innovation) out of total firms for each ISIC group were 21.2% for KIBS, 18.5% for traditional services, 34.3% for high-tech manufacturing firms, 29.4% for low-tech manufacturing firms, and 22.9% for services and manufacturing overall. 21 The results using the Heckman two-step procedure estimation (i.e. Heckit) not reported were much better for the investment decision equation. Thus, the censored and uncensored coefficients of firm size were statistically significant for all the sectors. On the other hand, the censored or marginal coefficients of public financial support and patent protection were statistically significant for all the sectors. The exporter and foreign ownership dummy variables were either not significant or of doubtful statistical significance. Finally, the coefficient of financial constraint was also statistically significant for traditional services.
In addition, for KIBS, the respective censored and uncensored coefficients were statistically significant for firms using the Internet for information searches on products and processes (INFO 1 ), research activities (INFO 2 ) and information on government institutions (INFO 3 ). For the first two uses of the internet, firms using that information had a higher level of investment intensity, and for the third one, firms using this information had spent less on investment on STI activities.
Table 3
Censored (C) and uncensored (U) coefficients of the selective (observed) equation (1) Source: Prepared by the author. Note: *10% level of significance; **5% level of significance; ***less than 1% level of significance. a The patent protection variable (PatenP) was excluded from traditional services and low-tech manufacturing owing to concavity problems in the log-likelihood function.
Finally, for high-tech manufacturing firms, only the censored and uncensored coefficients of Internet use for research activities were statistically significant for investment in STI activities.
Those firms that used this kind of information show higher investment amounts. 22 In the case of the estimates of innovation, equations (3) and (4), the results were more uniform across branches than they were for equation (2). 22 Estimations not reported using the Heckit method produced more robust coefficients for public financial support. Other factors were also more important under the Heckit estimation. Thus, coefficients of financial constraint were statistically robust for both ISIC services branches (and manufacturing and services sectors as a whole). Analogously, the effect of the patents protection variable on STI investment intensity was statistically significant for traditional services, services as a whole, lowtech manufacturing, manufacturing as a whole, and for all sectors (manufacturing and services as a whole). Finally, the fact of being an export firm affected STI investment intensity positively. The rest of the factors were either not robust or not statistically significant. Thus, the coefficients of investment intensity and size were positive and statistically significant for the four groups of branches and both types of innovation. 23 Furthermore, among low-tech manufacturing firms, export firms seemed to have a higher probability of producing TI innovation than domestic-market-oriented firms. Conversely, foreign firms are less likely to produce TI innovation than national firms within this category of manufacturing. In the case of KIBS and traditional services, domestic and national firms seemed to have a higher probability of producing NTI innovation than exporter and foreign firms. 24 Finally, the estimates of the last equation, (5), produced one robust result for practically all the ISIC groups; the capital-labour ratio was the most important and statistically significant factor for firms' labour productivity. Investment intensity was also more important for the ISIC groups than the hightech manufacturing firms. 25 23 Practically the same results were obtained with the predicted values of lnIE using the Heckit method. 24 Note that traditional services include export traders of primary export goods. When the predicted values of lnIE were estimated with the Heckit method, the results of size and investment intensity for NTI and TI equations were similar. However, for the NTI equation, the negative effect of exporters was not robust statistically and foreign ownership also affected firms in KIBS. 25 The effects of TI and NTI for all the ISIC services branches and low-tech manufacturing were statistically robust and positive when predicted values of the TI variables were estimated with the Heckit method for the extended model. The statistical significance of the rest of the factors is similar to the results found using the Heckman method. 
VI. Conclusions
The area of science, technology and technological innovation in the Peruvian economy has been of low priority for institutional policymakers over the past decade. The STI system, the National System of Science Technology and Innovation (SINACYT), has been institutionally disjointed, focusing on particular programmes and funds aimed at fostering firms' innovation activities in primary and manufacturing sectors without a specific and previously designed innovation strategy. STI in services was directed mainly towards providing ICT infrastructure under the principles of universal access, affordability, fostering private competition, and technological convergence in concordance with the evolution and development of ICT.
Based on data from a 2004 STI survey of firms (CONCYTEC/INEI, 2005a) , robust evidence of the positive effects of firms' science, technology and innovation activities on the labour productivity of services and manufacturing firms in Peru was presented. Affording greater priority to STI policy and its effective implementation in Peru could thus improve the poor performance of the past decade and spur productivity growth (Tello, 2012b) . Two CDM models were estimated with methods that overcome selection and endogeneity problems.
The statistical results in general partially support some of the hypotheses found in the literature. Specifically, firm size seems to be a key determinant for decisions to invest in STI activities in all the seven ISIC groups considered in the analysis. However, for those firms motivated to invest, patent protection, particularly for manufacturing firms, was a determining factor for effective investment. At the same time, financial constraints influenced firms' decisions to invest or not in STI activities only in the traditional services ISIC group. Further, for those firms that decided to invest in STI activities, the statistical significance of financial constraints vanished, implying that the financial factor was a major restraint only for firms that ultimately did not invest. Second, although public financial support seems to increase the latent variable of firms' investment intensity for most of the ISIC groups (with the exception of firms from high-tech manufacturing branches), the effect on the actual investment intensity (measured through the expenditures on STI activities per worker) was not statistically significant for firms that invested in STI activities. This means that public support policies seem to have more of an inducement effect (making non-spending firms spend) than an intensive margin effect (increasing intensity by firms already spending). The same result is obtained for financial constraints in the traditional services ISIC group. The effect of other factors on firms' STI investment intensity was also statistically robust for some ISIC groups. Specifically, Internet information on products and processes for KIBS and services as whole and for all (manufacturing and services) firms in the sample; Internet information on research activities for KIBS, high-tech manufacturing, traditional services and both sectors (services and manufacturing) overall; and firms' coordination with other entities on innovation purposes for traditional services and total services. Third, across all the ISIC groups, firm size and investment intensity were the key determinants for producing both technological and non-technological innovation outputs. In some ISIC groups (such as services and low-tech manufacturing), domestic-market-oriented and national firms had a higher probability of producing technological and non-technological innovation outputs than did exporters and foreign-owned firms. This result may indicate a greater need to produce technological changes in order to compete with export and foreign firms in the first group of firms. Last, capital per worker and STI investment intensity affected the labour productivity of firms positively for most of ISIC groups (with the exception of the high-tech manufacturing group).
From the perspective of economic policy, these results suggest that horizontal STI policies (at least for services and manufacturing branches) that encourage firms to increase their STI investment intensity may well produce some gains in firms' labour productivity. However, given that innovation outputs showed no statistical effect on productivity, it appears necessary to conduct a detailed, microlevel analysis of what firms consider innovation output and to obtain information about the kinds of innovation outputs that can increase labour productivity. Finally, the fact that most firms' STI activities are undertaken in an isolated fashion -i.e. production of innovation of any kind, whether product, process, marketing or organizational, is carried out with firms' own funds and without collaboration from other entities-and the statistical non-significance of the effect of firms' coordination with other entities on STI investment intensity indicate the need to exploit firms' interactions with other firms, research institutions and government in order to increase the probability of producing innovation 26 and reducing firms' STI expenditure per worker.
